A rapid, simple and specific fluorometric procedure is described for the analysis of the anticholinergic drug, tiotropium bromide (TIO) in bulk and in capsule formulation. The method is sensitive and is based on the reaction of this drug as a quaternary ammonium compound with the fluorogenic reagent 9, 10-dimethoxyanthracene-2-sulphonate (DMOAS) as counter ion in acidic medium and the proposal of the reaction pathway was postulated. The hydrophobic ion-pair formed was extracted in dichloroethane and measured spectrofluorometrically at 450 nm after excitation at 385 nm. The fluorescence intensity-concentration plot was rectilinear over the ranges of 7-30 ng m1-1 y=mx+b, r2=0, 9991 (m =12.054; b =156.27).
Introduction
Tiotropium bromide (TIO) is a new potent anticholinergic agent used as a bronchodilator for the treatment of patients with chronic obstructive pulmonary disease (COPD) and has been approved for its treatment in several countries. [ 1 ] Despite the number of pre-clinical and clinical studies that have been reported, there is very little information in the literature dealing with the pharmaceutical, biopharmaceutical and pharmacokinetic properties of TIO. This is mainly due to the lack of analytical methodology for tiotropium in formulations, biological fluids and other media of pharmaceutical relevance. The only reported analytical method for the determination of tiotropium is LC-MS/MS where it is used in a pharmacokinetic study. [2] The ability of quaternary ammonium compounds to form an extractable ion-pair with an anionic dye has been described. [3, 4] The ion-pair technique has proved of value for the assay of amines. It is based on the property of these compounds to form ion pairs with ions of opposite charges. The ion pairs are extracted with a suitable organic solvent and have generally been determined by spectrophotometry. [5] However greater sensitivity may be achieved by using a fluorescent counter ion. Fluorescent, reagents have been developed to transform an analyte into a highly fluorescent species, usually through the formation of covalent bond between the compound and the reagent. It is also possible to transform ionizable organic acids and bases into fluorescent species simply by forming ion pairs with a fluorescent ion pair (258) Vol.18 No. 4 (2007) 403 reagent. The resulting ion pair is generally more lipophilic than the reactants and can be extracted from an aqueous solution into an organic solvent then the fluorescence is measured. Highly fluorescent cation reagents such as protriptylium [6] and anionic reagents such as anthracene-2-sulphonate [7] and Sodium-9, 10-dimethoxyanthracene-2-sulphonate (DMOAS) [8] have been documented as ion pair reagents for the analysis of pharmaceutical compounds. DMOAS has proved to be a suitable reagent, as it has a strong fluorescence and forms ion pairs with good quantitative extraction properties for amines and quaternary ammonium ions. [9] DMOAS was used for the determination and detection of some basic drugs either by direct fluorometric measurement [10] or by HPLC through on or post column derivatization.
[ 11 ] The properties of DMOAS for determinations of organic ammonium ions have been discussed in a number of publications, and methods have been developed for quantitative determinations of ammonium compounds in low concentrations. [12] The purpose of the present study was to develop a simple fluorometric method for TIO which could be used to determine the potency of the bulk drug and its uniformity of content of its pharmaceutical formulation by the transformation of TIO to a fluorescent species and its determination spectrofluorometrically. water, once with ethanol (96%) and finally three times with distilled water.
Ion pair extraction procedure
TIO was transferred into a series of 50-ml separating funnels. l ml of glacial acetic acid followed by 1 ml of 1.0 x 10-6 M aqueous solution of DMOAS were added and mixed well. The reaction mixture was shaken for about 5 min with three successive portions of dichloroethane (7, 5, 5 ml). The organic layers were collected on phase separator filter paper (1 PS) Wahatmann type and the combined filtrate and washings were collected in flasks containing tetrabutylammonium hydroxide, 1.0 x 10-3 M in the final solution, in 0.3 ml ethanol 96% then completed to volume with dichloroethane.
Fluorometric analysis
The fluorometric measurements were made on a pipetted into 50-ml separating funnel, lml of glacial acetic acid followed by 1 ml of 1.0 x 10-6 Maqueous solution of DMOAS was added and the solution was well mixed using the described ion pair extraction procedure. necessary to obtain a suitable pH of the aqueous phase to increase the sensitivity of the method. Glacial acetic acid has the advantage of giving a very low blank background fluorescence compared with hydrochloric, perchloric and nitric acids this is why it gave the highest fluorescence intensity. Dichloroethane was found to be the most proper solvent for extraction of ion-pair formed and gave the optimum fluorescence intensity. The determination can be based on the fluorescence of the ion-pair in the organic phase. It has been found [13] that methylene chloride is advantageous for use in extractions with DMOAS and gives a low blank background. In the present study dichloroethane and methylene chloride were compared as extraction solvents and dichloroethane was found practically to be superior since it showed less of a tendency to form an emulsion besides other advantages of methylene chloride. During the assay development, it was found that the fluorescence intensity of the extracted ion-pair decreased slowly if the extract was stored in the fluorometer with the shutter open. This phenomenon was attributed to the slow photolytic degradation of the TIO. DMOAS ion-pair by the high energy xenon lamp in the fluorometer. Consequently, it was important to add tetrabutylammonium hydroxide to get a stable ion-pair complex. The ion-pair produced was found to be stable at least for 2 hours at room temperature.
By extraction of organic compounds in low concentration, it is often necessary to add a polar solvent such as a lipophilic alcohol to the organic phase to prevent adsorption to phase boundaries. Such an The specificity of the method was investigated by observing that no interference was encountered from lactose (capsules excepient). The method was applied for determination of the studied drug in commercial inhalation capsules. The precision was determined as the variability obtained upon repeated analysis of a TIO standard (2.0 x10-7 and 12.5x107 M); accurate amounts of TIO were weighed and the drug was analyzed by the proposed method. Six assays were carried out for each concentration in order to calculate the mean value and the standard deviation. The standard deviation was found to be less than 0.5%. The mean values showed an error of less than 3% in relation to the prepared concentration. The results obtained for the repeated analysis of individual capsules were an average recovery of 97.3% with a standard deviation of 0.5%. The amounts of TIO in 12 capsules were determined by the proposed method.
